Genetic inducible fate mapping in adult mice using tamoxifen-dependent Cre recombinases.
The Cre/lox site-specific recombination system allows the control of gene activity in space and time in almost any tissue of the mouse. A major technical advance was the development of tamoxifen-dependent Cre recombinases, such as CreER(T2), that can be activated by administration of tamoxifen to the animal. This powerful tool greatly facilitates the study of gene functions and the generation of more realistic animal models of sporadic human diseases. Another important application of tamoxifen-dependent Cre recombinases is genetic inducible fate mapping (GIFM). In GIFM studies, the inducible Cre/lox system is used to genetically label a defined cell population at a selected time by irreversible activation of the expression of a Cre-responsive reporter transgene. Then, marked cells are detected at later time points to determine how the originally labeled progenitors contribute to specific structures and cell types during pre- and postnatal development. GIFM was initially applied during mouse embryogenesis, but is now increasingly used for cell lineage tracing in adult mice under physiological and pathophysiological conditions. Here we describe the design of GIFM experiments in adult mice as exemplified by CreER(T2)-assisted tracing of vascular smooth muscle cells during the development of atherosclerotic lesions. First, we give an overview of reporter transgenes available for genetic cell marking that are expressed from the Rosa26 locus, such as β-galactosidase and fluorescent proteins. Then we present detailed protocols for the generation of experimental mice for GIFM studies, the induction of cell labeling by tamoxifen treatment, and the detection of marked cells in fixed and live tissues. Each section also provides a discussion of limitations and common pitfalls of GIFM experiments. Most of the protocols can be easily adapted to other developmental stages, cell types, Cre recombinases, and reporter transgenes and, thus, can be used as general guidelines for GIFM studies in mice.